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ABSTRACT
Objective: To examine the effects of a huge tsunami
resulting from the Great East Japan Earthquake on
blood pressure (BP) control and glycaemic control in
diabetic patients.
Design: A retrospective study.
Setting: Tohoku University, Japan.
Participants: 63 patients were visiting Rikuzentakata
Hospital for diabetic treatment before the earthquake
and returned to the clinic in July after the earthquake,
and they were analysed in the present study. The
subjects were divided into two groups: those who were
hit by the tsunami, the Tsunami (+) group (n¼28), and
those who were not, the Tsunami ( ) group (n¼35),
and the groups’ parameters and their changes were
compared.
Primary outcome measure: Changes of HbA1c.
Secondary outcome measures: Changes of BP,
body mass index.
Results: HbA1c and both BP increased, while the
numbers of most drugs taken decreased in both
groups. Parameter changes were signiﬁcantly greater
in the Tsunami (+) group. All medical data stored at the
hospital was lost in the tsunami. The Tsunami (+)
patients also had their own records of treatment
washed away, so it was difﬁcult to replicate their
pre-earthquake drug prescriptions afterwards. In
comparison, the Tsunami ( ) patients kept their
treatment information, making it possible to resume
the treatment they had been receiving before the
earthquake. The BP rose only slightly in men, whereas
it rose sharply in women, even though they had not
been directly affected by the tsunami. BP rose
markedly in both genders affected by the tsunami.
Conclusions: All medical information was lost in the
tsunami, and glycaemic and BP controls of the
tsunami-affected patients worsened more than those
of patients who had been affected by the earthquake
alone. Women may be more sensitive to changes in
the living environment that result from a major
earthquake than are men.
INTRODUCTION
Rikuzentakata is a city located in the southeast
of Iwate Prefecture in the Tohoku district of
Japan (supplementary ﬁgure S1). It has
a population of 24000, with about 34% aged
65 years or older. The city consists of a small
tract of lowland plains along a low shoreline,
encircled by highlands (supplementary ﬁgure
S1). Iwate Prefectural Rikuzentakata Hospital
plays a central role in the medical service of
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ARTICLE SUMMARY
Article focus
- The inﬂuences that the large earthquake and the
tsunami of March 2011 in Japan exert on blood
glucose and BP control are uncertain. Especially,
the changes in the blood glucose and the BP after
the hospital and patient’s home were collapsed
by the huge tsunami have not been reported in
the past. Furthermore, whether the inﬂuences
differ according to gender is also uncertain.
Key messages
- Huge tsunamis worsen blood glucose and BP
controls more than earthquake damage alone.
The reason is that their treatments were not
recovered as before the earthquake because
patient’s medical information had lost
completely. The maintenance of the medical
information not lost in the earthquake and
tsunami is important. The clinical records in the
hospital and medicine information at home were
swept away by the huge tsunami. Although the
change in blood glucose was strongly inﬂuenced
by tsunamis damage, the change in BP was
inﬂuenced rather by the gender.
Strengths and limitations of this study
- We ﬁrst clariﬁed the inﬂuence that the large
earthquake and the tsunami exerted on the blood
glucose and the BP controls. The size of our
study was so small that it was difﬁcult for us to
analyse it. However, for the future, we do hope
for such an analysis to be done on more large-
scale number of subjects.
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Open Access Researchthe region. We have been visiting this hospital twice a
month for the past 2 decades to treat diabetic outpatients.
Although most patients had poor glycaemic control and
advanced organ disorders when we took over their treat-
ment, long-term treatment resulted in well-controlled
blood glucose (BG) and blood pressure (BP) levels in
a large number of the patients.
On 11 March 2011, at 14:46, a huge magnitude 9.0
earthquake struck this area, its epicentre ca. 130 km to
the east, off Oshika Peninsula in Miyagi Prefecture.
About 20 min later, a massive tsunami more than 10 m
high hit the city
1 (supplementary ﬁgure S2). Approxi-
mately 2000 people died or disappeared. The town was
demolished, and the hospital completely destroyed
(supplementary ﬁgure S3). About 30000 medical charts
were washed away, and patient information stored on
computer systems completely disappeared (supplemen-
tary ﬁgure S4). Numerous medical personnel rushed to
the area from all over Japan to help treat survivors, and
many lives were saved as a result.
In July 2011, about 4 months later, we ﬁnally resumed
outpatient practice at a makeshift clinic (supplementary
ﬁgure S5). The glycaemic and BP controls of patients
who had survived the ordeal had worsened due to trau-
matic changes in their living environments. There was,
however, a marked difference in the level of deteriora-
tion of glycaemic and BP controls between those who
had lived in the plains area, which had been struck by
the tsunami, and those who had lived on higher ground
and who had thus escaped its full effects. We felt that
identifying the reasons for this difference would be
useful in establishing a medical setup that could, in
future, prevent deterioration of glycaemic and BP
controls during times of disaster.
It appears that disasters of this scale can happen
anywhere in the world. History demonstrates that such
major earthquakes and tsunamis have occurred repeat-
edly.
2 We therefore feel that analysing our experiences
on this occasion and reporting them is important for
establishing a medical setup that can withstand such
major disasters. This is what prompted us to publish this
report.
METHODS
Before the earthquake, approximately 120 patients were
visiting Rikuzentakata Hospital for diabetic treatment.
Only 63 patients returned to the clinic in July after the
earthquake, and it is they who were analysed in
the present study. They were divided into two groups: the
Tsunami (+) group, whose members lived in the lowland
areas and who were hit by the tsunami (n¼28), and the
Tsunami ( ) group, whose members lived on higher
ground and who were not hit by the tsunami (n¼35).
Body mass index (BMI), BG levels (not necessarily
fasting), haemoglobin A1c (HbA1c (JDS)), systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
established as items for analysis and were measured
4 months after the earthquake. All patients’ medical data
before the earthquake, which had been stored at the
hospital, had been lost. However, we had collected and
stored all patients’ data in October 2010 for another
study,
3 which was used as the pre-earthquake data on this
occasion. The values for each parameter were compared
thus: for the whole study group, each parameter after
the earthquake was compared with its value before the
earthquake. Similarly, parameters of the Tsunami ( )
group before the earthquake were compared with those
of the Tsunami (+) group before the earthquake, and
parameters of the Tsunami ( ) group after the earth-
quake were compared with those of the Tsunami (+)
group after the earthquake. Changes also occurred in
patients’ use of drugs following the disaster. Such changes
were analysed in two categories of drugs, hypoglycaemic
and antihypertensive agents, by comparing the number of
patients administered each drug. In addition, the abso-
lute changes and percentage changes in their glycaemic
and BP controls, and those in their drug therapies, were
analysed. We are receiving informed consent from the
patients and the family for this research.
STATISTICAL ANALYSIS
Normally distributed values are presented as mean 6
SEM. The obtained values of the parameters and of drug
use were compared within the whole study group
(before vs after) and between the Tsunami ( ) and the
Tsunami (+) groups, using Student t test. The change
from before the earthquake to after was calculated for
each parameter. The change undergone by the Tsunami
( ) group was compared with that undergone by the
Tsunami (+) group by means of analysis of variance.
Similarly, changes affecting male patients were
compared with those affecting female patients, using the
ManneWhitney U test. The c
2 test was used to compare
percentage changes in parameters and use of drugs
between the Tsunami ( ) and the Tsunami (+) groups,
and a similar analysis of BP was performed, comparing
men with women. Multiple regression analysis was used
to identify whether tsunami exposure was an indepen-
dent risk factor for the percentage increase of HbA1c,
SBP and DBP after the disaster. p<0.05 was regarded as
statistically signiﬁcant.
RESULTS
Table 1 shows means with SEs of each parameter for all
subjects before and after the earthquake. Only BMI
decreased; BG, HbA1c, SBP and DBP rose signiﬁcantly.
There were also some changes in the use of drugs
(represented by the number of patients administered
the drug) after the disaster (table 2). The use of most
antihyperglycaemics decreased by 30%e40%, except a-
glucosidase inhibitors (AGIs) and glucagon-like poly-
peptide (GLP)-1 analogues. GLP-1 analogues were
employed with only two patientsdtoo small a number to
analyse statistically. The number administered AGIs did
not change after the earthquake. With antihypertensives,
use of renineangiotensin system inhibitors (RASIs)
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Diabetes in tsunamisreduced most drastically, followed by other antihyper-
tensives (b blockers, a blockers, etc), diuretics and
calcium channel blockers, in order of decreasing
reduction in use.
Within each group, changes in parameters were
analysed (table 3). In both groups, BMI decreased, while
BG, HbA1c, SBP and DBP signiﬁcantly increased
following the earthquake. The values of each parameter
before and after the earthquake were compared between
the Tsunami ( ) and the Tsunami (+) groups. Although
no differences were observed in the groups’ pre-earth-
quake values, values of BG, HbA1c, SBP and DBP after-
wards were signiﬁcantly higher in the Tsunami (+) group
than in the Tsunami ( ) group (p4<0.05). No differ-
ences in BMI were observed between the groups, even
after the earthquake.
Changes and percentage changes in BG, HbA1c, SBP
and DBP were compared between the Tsunami ( ) and
the Tsunami (+) groups (supplementary ﬁgure S6). All
percentage changes in these parameters were signiﬁ-
cantly higher in the Tsunami (+) group, so though all
patients were affected by the same disaster, glycaemic
and BP controls deteriorated more in patients with
tsunami exposure.
An overview of changes in usage of various drug
treatments in both the Tsunami ( ) and the Tsunami
(+) groups is given in table 4, which represents the
number of patients taking each drug. Use of most drugs
decreased in both groups following the earthquake.
Administration of all anti-hyperglycaemic drugs except
AGIs decreased more in the Tsunami (+) group than in
the Tsunami ( ) group. The decrease in the number of
patients undergoing AGI treatment was 0% for both
groups. After the earthquake, the use of dipeptidyl
peptidase (DPP)-4 inhibitors and GLP-1 analogue halted
completely and that of insulin decreased greatly in the
Tsunami (+) group, yet their use did not decrease much
or at all in the Tsunami ( ) group. The use of all anti-
hypertensive drugs decreased in both groups. In partic-
ular, the use of RASIs, other antihypertensives (eg,
sympatholytic agents) and diuretics decreased more in
the Tsunami (+) group than in the Tsunami ( ) group.
Additionally, the percentage decrease in the use of
RASIs, diuretics and others was signiﬁcantly larger than
of calcium channel blockers for both groups (p<0.05, c
2
test, results not shown).
Multiple regression analysis was performed using age,
gender and tsunami exposure, as well as percentage
changes in BMI, BG and HbA1c as independent vari-
ables and percentage changes in HbA1c, SBP and DBP
as dependent variables (table 5). Our results show that
tsunami exposure was an independent risk factor for
increases in HbA1c. It was not an independent risk
factor for BP changes, while gender was: women
demonstrated greater increases in BP after the earth-
quake than men (supplementary ﬁgure S7), while
tsunami exposure caused no difference in levels of BP
elevation (table 5). So, women experienced BP rises even
without tsunami exposure (supplementary ﬁgure S8, p3
¼NS), and by contrast, though BP rose sharply in male
members of the Tsunami (+) group, the rise was minimal
among those of the Tsunami ( ) group (supplementary
ﬁgure S8, p4<0.05).
The drug compliance after the earthquake was not
defective regardless of existence of the tsunami damage
or the gender. The drug compliance in the female
members of the Tsunami ( ) group was not especially
poor.
DISCUSSION
It has been reported that a major disaster signiﬁcantly
exacerbated the controls of both glycaemic and BP.
4
These controls have deteriorated similarly in our
research. The patients’ living environment drastically
changed after the earthquake and tsunami. Most lived in
evacuation centres during the ﬁrst month after the
incident, which perhaps prevented them from receiving
Table 1 Parameters (BMI, glycaemic control and blood
pressure control) of all study subjects before and after the
earthquake
n6 3
Age (years) 68.161.4
M/F 29/34
Before After p Value
BMI (kg/m
2) 25.860.5 25.560.5 <0.01
BG (mg/dl) 109.463.9 134.367.2 <0.01
HbA1c (JDS) (%) 5.960.2 6.560.2 <0.01
SBP (mm Hg) 121.061.2 136.162.9 <0.01
DBP (mm Hg) 67.261.0 74.161.6 <0.01
Data are represented as mean 6 SEM.
BG, blood glucose concentration; BMI, body mass index; DBP,
diastolic blood pressure; F, female; HbA1c (JDS), glycosylated
haemoglobin A1c; M, male; SBP, systolic blood pressure.
Table 2 The use of diabetic treatment drugs and
antihypertensive drugs before and after the earthquake and
their percentage changes
Before After % Change
Hypoglycaemic agents
Sulfonylureas 26 16  38.5
Glinides 27 18  33.3
a-Glucosidase inhibitors 29 29 0
Biguanides 44 28  36.4
Pioglitazone 28 18  35.7
DPP-4 inhibitors 22 15  31.8
Insulin therapies 26 17  34.6
GLP-1 analogues 2 0  100.0
Antihypertensive agents
RAS inhibitors 36 7  80.6
CCBs 32 22  31.3
Diuretics 23 7  69.6
Others 15 3  80.0
CCB, calcium channel blocker; DPP-4, dipeptidyl peptidase-4;
GLP-1, glucagon-like polypeptide-1; RAS, renineangiotensin
system.
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Diabetes in tsunamissufﬁcient supplies of food and drugs. From the second
month on, the Tsunami (+) group was moved to make-
shift housing units, while the Tsunami ( ) group
returned home. There were still food shortages, with
rationing of certain items. Fresh foods like vegetables
and ﬁsh were in particularly short supply, so patients
mostly subsisted on preserved foods like sweets, pastries,
canned products, cup noodles and boil-in-the-bag foods.
It is reasonably speculated that inappropriate diet in
refuge life may have affected BP control through an
increase of salt intake by some of supplied food such as
instant noodles. Two months after the earthquake,
supplies of drugs returned to about pre-earthquake
levels, but the food situation had still not completely
recovered. Utility servicesdpower, water and gasdhad
not completely recovered even after 3 months, although
they steadily approached pre-earthquake levels. Under
these conditions, it was difﬁcult to ensure that patients
stuck to diet and exercise therapies. We believe that this
was one reason for the deterioration in glycaemic and BP
controls. A signiﬁcant temporary exacerbation in the
glycaemic control was found after the Great Hanshin-
Awaji Earthquake. An inappropriate diet demonstrated
the highest risk factor to exacerbate the glycaemic
control.
5 It has been reported that SBP increased
signiﬁcantly within 3 months after a major earthquake
struck the Niigata Prefecture, Japan, 2004, and returned
to pre-earthquake level at 6 months.
6 We evaluated BP at
4 months after the earthquake.
Even under circumstances where loss of body weight
appeared inevitable and where in fact many patients did
lose weight, there was some who managed to gain
weight. Weight loss was probably caused by insufﬁcient
food intake in some patients and by deteriorated
glycaemic control in others. Meanwhile, ingestion of
preserved foods rich in sugar and fats may, for some
other patients, have led to excessive intake of such
nutrients, resulting in weight gain. Some patients
Table 3 The comparison of each parameter in the Tsunami ( ) and Tsunami (+) groups
Tsunami (L) Tsunami (+)
Before After p1 Before After p2 p3 p4
n3 5 2 8
Age (years) 67.862.0 68.462.1 NS
M/F 18/17 11/17
BMI (kg/m
2) 26.060.7 25.764.3 <0.05 25.660.8 25.160.8 <0.05 NS NS
BG (mg/dl) 112.065.0 121.767.1 <0.05 106.366.1 150.8613.0 <0.01 NS <0.05
HbA1c (%) 5.960.1 6.160.1 <0.05 5.960.1 7.060.3 <0.01 NS <0.01
SBP (mm Hg) 122.161.8 133.864.2 <0.05 119.661.3 139.063.7 <0.01 NS <0.01
DBP (mm Hg) 68.161.6 73.862.1 <0.01 66.161.1 74.662.2 <0.01 NS <0.05
Data are represented as means 6 SEM.
p1, before versus after in the Tsunami ( ) group.
p2: before versus after in the Tsunami (+) group.
p3, Tsunami ( ) group versus Tsunami (+) group before the earthquake.
p4, Tsunami ( ) group versus Tsunami (+) group after the earthquake.
BMI, body mass index; BG, blood glucose concentration; DBP, diastolic blood pressure; F, female; HbA1c (JDS), glycosylated haemoglobin
A1c; M, male; SBP, systolic blood pressure.
Table 4 Changes in the use of various drug treatment in the Tsunami ( ) and Tsunami (+) groups
Tsunami (L) Tsunami (+)
p Value Before After % Change 1 Before After % Change 2
Hypoglycaemic agents
Sulfonylureas 15 11  26.7 11 5  54.6 <0.01
Glinides 18 16  11.1 9 2  77.8 <0.01
a-Glucosidase inhibitors 17 17 0 12 12 0 NS
Biguanides 27 25  7.4 17 3  82.4 <0.01
Pioglitazone 19 17  10.5 9 1  88.9 <0.01
DPP-4 inhibitors 16 15  6.3 6 0  100.0 <0.01
Insulin therapies 13 13 0.0 13 4  69.2 <0.01
GLP-1 analogues 0 0 0.0 2 0  100.0 e
Antihypertensive agents
RAS inhibitors 20 7  65.0 7 0  100.0 <0.01
CCBs 17 15  11.8 15 7  53.3 <0.01
Diuretics 13 6  53.9 10 1  90.0 <0.01
Others 7 3  57.1 8 0  100.0 <0.01
p, % Change 1 versus % change 2.
CCB, calcium channel blocker; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like polypeptide-1; RAS, renineangiotensin system.
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Diabetes in tsunamisdeveloped hypoglycaemia, as food was distributed
through rationing, and they could no longer supple-
ment a lack of calories by eating items like snack food
between meals.
The chief reason for the worsening of glycaemic and
BP controls after the incident was probably the changes in
the drugs administered. Had this survey been carried out
immediately after the earthquake, such changes might
have been attributable to insufﬁcient supply of some types
of drugs. However, when we conducted this survey,
4 months after the incident, drugs were already available
in sufﬁcient quantities. Despite this, fewer drugs were
being administered to patients than they had received
before the earthquake, impairing their patients’
glycaemic and BP controls. One possible reason for this is
that, in conjunction with the changes in the living envi-
ronment, patients might have been examined by and
prescribed different less effective drugs by a physician
other than their attending doctor. Under conditions
where meals are supplied at random intervals, drugs that
are liable to cause hypoglycaemia, like sulfonylurea
derivatives, glinides and insulin, are difﬁcult to use.
In times of water shortage, drugs that carry risks of
dehydration and acute renal failure (like RASIs and
diuretics) or of heart failure (like pioglitazone) are
contraindicated if a patient’s physical status, including
renal and cardiac function, is unknown. Sympathetic
blockers are also difﬁcult to use under such conditions.
Additionally, in older patients with unclear renal func-
tion, such difﬁculty in prescribing applies to biguanides
as well. The only biguanide derivative used at Riku-
zentakata Hospital before the earthquake was buformin.
Since its use is contraindicated in older patients and in
those with reduced kidney function, eight patients
switched to metformin, which should be administered
‘with caution’. Because of this, prescriptions of bigua-
nides decreased after the disaster, and the number of
patients who used metformin increased. Moreover, DPP-
4 inhibitors and GLP-1 analogue therapy were not used,
probably because they had been released only recently in
Japan, and their modes of use had not yet become fully
known to non-specialists. It thus appeared that because
of these circumstances, physicians frequently used AGIs,
which are less liable to induce hypoglycaemia and which
cause minimal adverse events. Furthermore, during the
ﬁrst 3 months after the disaster, the medical setup was
such that, instead of a single physician providing
continuous treatment, various physicians from all over
Japan (not necessarily diabetes or hypertension special-
ists) took turns examining patients, making it even more
difﬁcult to administer medications satisfactorily.
Though these conditions were the same for both
groups, the level of deterioration in glycaemic and BP
controls differed markedly between the Tsunami (+) and
the Tsunami ( ) groups, most likely because the
administration of drugs in the Tsunami (+) group had
substantially decreased. The reasons for this may be as
follows: it has been reported that the higher the
magnitudes scales of earthquakes were, the higher the
mental stress and the psychological damage were.
7
There is an association between life-threatening stress in
a natural disaster and the worsening of metabolic and BP
controls in patients with diabetes mellitus. We speculate
that these stresses in the Tsunami (+) group were far
larger than those in the Tsunami ( ) group.
89Even
after the earthquake, the Tsunami ( ) group patients
had records of their treatment status on hand, like their
diabetes databook for clinical co-operation and their
medicine notebook, which lists drugs they are using.
Moreover, immediately after the earthquake, they had
leftover drugs prescribed immediately before (a day or
15 days before) the incident. So patients in the Tsunami
( ) group were able to immediately resume their pre-
earthquake treatment.
10 In contrast, all such treatment
information for patients in the Tsunami (+) group had
been swept away by the tsunami. In addition, patient
information previously stored in the hospital was also
lost, making it impossible to resume the exact treatment
they had been receiving before the disaster. Therefore,
patients in the Tsunami (+) group found themselves
starting a completely new treatment regimen after the
disaster. This appears to have drastically worsened their
glycaemic and BP controls. Despite belonging to the
Tsunami (+) group, two patients had their medicine
Table 5 Results of multiple regression analyses, using the percentage changes in HbA1c, SBP and DBP as dependent
variables and some parameters as independent variables
Independent variables
Dependent variables
% Change of HbA1c % Change of SBP % Change of DBP
b p b p b p
Age  0.08 0.60 0.05 0.79  0.07 0.69
Gender 0.84 0.81  6.94 0.08  9.21 0.03
% Change in BMI 0.22 0.75 0.60 0.44 0.49 0.56
% Change in BG 0.04 0.18 0.04 0.25 0.05 0.12
% Change in HbA1c ee0.15 0.31 0.23 0.15
Exposure to tsunami 11.37 0.00 2.55 0.57  2.29 0.64
p<0.05: signiﬁcant.
BG, blood glucose; BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycosyated haemoglobin A1c; SBP, systolic blood pressure.
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Diabetes in tsunamisnotebook with them, allowing them to immediately
resume their pre-disaster treatment without causing
aggravation of their glycaemic or BP control.
No such phenomena were observed in nearby hospi-
tals standing on higher ground, which did not suffer any
tsunami damage. Needless to say, it is important to build
hospitals that are not prone to tsunami damage. Even
more crucial is to have patients’ medical informa-
tiondespecially the details of treatmentsdstored not
only by patients and hospitals but also at a different,
possibly central, location. We believe that such central-
ised management is necessary and may prevent patients’
disease status from aggravating after a major disaster.
In men, BP rose strikingly only in the Tsunami (+)
group. This appears to have been caused by the sharp
decrease in the administration of antihypertensive drugs.
In female patients, however, BP rose similarly in the
Tsunami ( ) and Tsunami (+) groups. This may imply
that, while men are not very likely to develop BP rise as
a result of an earthquake alone, women are likely to
develop BP elevation as a result of only an earthquake
and that life after earthquakes may be more stress
inducing for women than for men (perhaps because of
the challenges of ensuring a hygienic environment,
toilets, bathing, supplies of female sanitary products and
problems with resuming work).
8 91 1The Hanshin-Awaji
earthquake resulted in an increase of cardiovascular
events such as myocardial infarctions and stroke,
particularly in women, with the increase occurring in two
or three times frequency of men.
12 Earthquakes provide
a strong acute and chronic stress; the stress might be
strong in a woman especially. The stronger stress can
trigger cardiovascular events predominantly through
sympathetic nervous activation and potentiation of acute
risk factors such as BP increase. It may be that women
need more meticulous care than men after a major
earthquake disaster, such as the present incident.
Tsunamis worsen patients’ glycaemic and BP controls
for a long period after they strike, and this period may
extend to several months. Clearly, storing and managing
patients’ treatment information is extremely important.
However, even when treatment information was not
destroyed or lost, some patients’ symptoms worsened
because they had lost wives who had helped them with
their diet therapy or because the daughter who had
cared for them had died. Needless to say, protecting
people’s lives, including family members’, is the most
important goal, and we need to focus on establishing
disaster prevention setups that place the utmost priority
on saving lives. We feel that hospitals, which become key
bases for providing medical services in areas during
times of disaster, should be built in disaster-proof loca-
tions (high ground in the case of this earthquake).
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